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PURPOSE: To provide a method of forming a stable, highly heat-resistant cx)ntact layer of 
good adhesion on a metal plug in a semiconductor device, wherein dust particles are 
eliminated and source gas is easily controlled. 

CONSTITUTION: A contact layer is composed of TiB^, TiC^, TiBxN^x, or TiCxNi x- A 
method of forming a metal plug comprises the steps of providing an opening 106 in an 
insulating layer 104 on a semiconductor substrate 100; depositing the contact layer of 
above composition bpth on the insulating layer 104 and in the opening 106; and depositing 
a metallic mate^riail 1 1 2 in the opening 106. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 the semiconductor device for explaining the process of each example of this 
Invention is typical — It is a cross section in part 

[Drawing 2] It Is drawing showing the composition of an example of the CVD system suitable 
for formation of the adhesion layer of this invention. 

[Drawing 31 It Is drawing showing the composition of another example of the CVD system 

suitable for formation of the adhesion layer of this invention. 

[Drawing 4] It is drawing showing the trouble in a Prior art. 

[Description of Notations] 

100 Semiconductor Substrate 

102 Impurity Diffusion Field 

104 Layer Insulation Layer 

106 Opening 

108 Ti Layer 

110 Adhesion Layer 

112 Metal Layer 

114 Void 

1,200 Plasma process equipment 

10,210,220 Membrane formation chamber 

20 Plasma Chamber 

12 12A Susceptor 

16 Flueing Section 

22 Microwave Introduction Aperture 

24 Magnetic Coil 

26 Recreation TANGYURA Wave Guide 
28 RF Power Supply 
30 Ar Gas Inlet 
32 Plasma Style 

34 RF Bias Impression Equipment 
40, 40A, 42, 42A Gas induction 
50 50A Lamp heating means 
52 Lamp 
230 Gate Valve 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the metal plug formation method in 

manufacture of a semiconductor device. 

[0002] 

[Description of the Prior Art] Electron devices, such as a semiconductor device, are turning 
minutely every year, especially, the size of a contact hole, a beer hall, or a through hole (the 
following — naming generically — connection — it is also called a hole) is also becoming still 
smaller with detailed-izing of a semiconductor integrated circuit connection — a hole is formed 
by embedding a wiring material at opening formed on the semiconductor substrate connection 
already detailed with the conventional spatter technology which embeds opening by this wiring 
material by the bias spatter method etc., using aluminum or an aluminium alloy as a wiring 
material -- formation of a hole is difficult 

[0003] The so-called blanket CVD with step coverage sufficient under such a background 
attracts attention. In this blanket CVD, as shown in drawing 4 , opening 106 is formed in the 
layer insulation layer 104 formed on the semiconductor substrate 100, and the metal layer 
112 which consists of a tungsten is formed on the upper surface of a layer insulation layer, 
and in opening in CVD. then, the metal plug which removes alternatively the metal layer 112 
on the upper surface of a layer insulation layer by etchback, and consists of a metal in opening 
106 — forming — this — connection — a hole is completed In addition, 102 is an impurity 
diffusion field. 

[0004] In the blanket CVD using this tungsten, since the ground and adhesion of a tungsten of 
semiconductor substrate 100 grade are bad, it is made indispensable to form an adhesion 
layer between a metal layer and a semiconductor substrate. As an adhesion layer, many TIN 
layers or TiON layers are used. However, when the coverage of the adhesion layer 110 to 
opening is bad and a metal layer is made to deposit on the layer insulation layer 104 and in 
opening 106 in blanket CVD as shown in drawing 4 , the problem that a void (centrum) 114 
arises is in the metal layer in opening 106. 

[0005] Furthermore, when usually forming the adhesion layer which consists of TIN by CVD, in 
order to use TiCI4 as material gas, the problem that CI is easy to be incorporated is in a TIN 
layer, this — reference, "Photo Assisted LP-CVD TIN For Deep Submicron Contact Using 
Organo-titanium Compound", Koichi Ikeda et al, and 1990 Symposium on VLSI Technology pp 
61-62 Refer to. If CI is incorporated by the TIN layer, the quality of a TIN layer (adhesion 
layer) will deteriorate and barrier nature will fall. 

[0006] Then, the method of forming a TIN layer by the electron cyclotron resonance (efficient 
consumer response) plasma CVD method is proposed (for example, the spring of 1990 
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collection [ of Japan Society of Applied Physics drafts ] 29 a-ZA-6 [ besides Akabori which is 
591 pages ] reference). According to this method, a TIN layer can be formed with sufficient 
coverage and it is supposed by moreover forming TIN at 650-degree about C temperature that 
the amount of incorporation of CI to the inside of a TIN layer decreased. 
[0007] 

[Problem(s) to be Solved by the Invention] When using the two-layer structure of Ti/TiN which 
reduced resistance between impurity diffusion fields with a TIN layer by forming Ti layer in the 
bottom of a TIN layer or a TIN layer as an adhesion layer in blanket CVD as mentioned above, 
in a TIN layer, it is hard to say that thermal resistance and barrier property are enough. Then, 
although the method of forming a TiON layer instead of a TIN layer is proposed, the problem 
that the particle of Ti02 occurs is during formation of a TiON layer. 

[0008] Moreover, there is also a problem that control of the material gas composition at the 
time of the TiON stratification is difficult. Oxygen is contained in the gas which remained to 
TiON membrane formation equipment, and it is [ the ] reasonable in that TiON must be 
formed in consideration of the oxygen which remained to TiON membrane formation 
equipment, and Ti tending to oxidize at the time of TiON formation. 

[0009] Furthermore, there is a problem that sheet resistance of the semiconductor substrate 
after membrane formation increases as the processing number of sheets of a semiconductor 
substrate increases, when a TiON layer is formed by the spatter. In order to adsorb 02 passed 
in the processing room at the time of the start of spatter processing of Ti adhering to the wall 
of the processing room of a sputtering system, this cause Since the oxygen by which a getter 
is carried out to Ti adhering to the wall of the processing room of a sputtering system 
decreases as sheet resistance of the semiconductor substrate after membrane formation 
becomes low and the processing number of sheets of the semiconductor substrate in a 
sputtering system increases. The oxygen incorporated by the TiON layer increases and it is 
thought that it is because sheet resistance of a semiconductor substrate becomes high. 
Therefore, a new adhesion layer which has the high thermal resistance by which the property 
was stabilized is desired. 

[0010] Therefore, the purpose of this invention has the adhesion which is high thermal 
resistance and was excellent, and there is little generation of particle at the time of formation, 
moreover, control of the material gas at the time of formation is easy for it, and it is further to 
offer the adhesion layer by which the property was stabilized. Furthermore, the purpose of this 
invention is to offer the formation method of a metal plug including formation of this adhesion 
layer. 
[0011] 

[Means for Solving the Problem] The adhesion layer for the metal plug of a semiconductor 
device characterized by consisting of the composition chosen from the group which consists of 
TiBX, TiCX, TiBXNl-X, or TiCXNl-X by the 1st mode of this invention can attain the above- 
mentioned purpose. 

[0012] X in TiBX is O.K X<=2. X in TiCX is O.K X<=2. X in TiBXNl-X is O.K X<0.9. 
Moreover, X in TiCXNI-X is O.K X<0.9. 

[0013] The process at which the above-mentioned purpose forms opening in the layer 
insulation layer formed on the (b) semiconductor substrate by the 2nd mode of this invention. 
The process which forms the adhesion layer which consists of the composition chosen from the 
group which consists of (b)s TiBX and TiCX, TiBXNl-X, or TiCXNI-X in the upper surface of a 
layer insulation layer, and opening, the process which forms a (c) metallic material in opening 
— since — it can attain by the metal plug formation method of this invention characterized by 
changing 

[0014] According to the desirable embodiment of the metal plug formation method of this 
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invention, after the process of the aforementioned (b), Ti layer is formed in the upper surface 
of a layer insulation layer, and opening, and, subsequently, the process of the aforementioned 
(b) is performed continuously. 

[0015] According to the still more desirable embodiment of the metal plug formation method 
of this invention, the aforementioned adhesion layer is formed by the electron cyclotron 
resonance plasma CVD method. 
[0016] 

[Function] When the adhesion layer of this invention consists of TiBX or TiCX, compared with 
TIN, there is also little generating of particle, and since It is two elements, it is easy to perform 
control of composition. TiBX or TiCX has good barrier property originally. Furthermore, at the 
time of formation of an adhesion layer, addition of oxygen becomes unnecessary and it 
becomes easy to control [ of material gas ] it. And change of sheet resistance of the 
semiconductor substrate which poses a problem at the time of formation of a TiON layer is not 
produced, either. Therefore, a semiconductor device can be manufactured in a reliable 
process. 

[0017] Although there is also little generating of particle and it is three elements compared 
with TIN when an adhesion layer consists of TiBXNl-X or TiCXNl-X, it Is easy to perform 
control of composition. TiBXNl-X orTiCXNl-X has good barrier property originally. 
Furthermore, at the time of formation of an adhesion layer, addition of oxygen becomes 
unnecessary and it becomes easy to control [ of material gas ] it. And change of sheet 
resistance of the semiconductor substrate which poses a problem at the time of formation of a 
TiON layer is not produced, either. Therefore, a semiconductor device can be manufactured in 
a reliable process. 

[0018] According to the desirable embodiment in the metal plug formation method of this 
invention, Ti layer / adhesion layer is formed continuously. So, about [ that contact resistance 
of a metal plug may be reduced further ] and a throughput can be raised. 
[0019] According to the still more desirable embodiment in the metal plug formation method 
of this invention, an adhesion layer is formed by the electron cyclotron resonance plasma CVD 
method (efficient consumer response-CVD) which can form high-density plasma. An adhesion 
layer can be formed at low temperature compared with the heat CVD which forms membranes 
by about 700 degreeC, and, moreover, an adhesion layer can be made to deposit on the pars 
basilaris ossis occipitalis of opening thickly by such efficient consumer response-CVD. Since It 
can form especially using reactant high CH3CN when an adhesion layer consists of TiCXNI-X, 
as compared with other Ti compounds, membranes can be further formed at low temperature. 

[0020] 

[Example] Hereafter, this invention is explained based on an example with reference to a 
drawing. 

(Example 1) An example 1 is an example which applied the adhesion layer of this invention, 
and the metal plug formation method when a contact hole was formed by blanket tungsten 
CVD, forms Ti layer first between a semiconductor substrate and the metal layer which 
consists of a tungsten, and, subsequently forms TiBX in it as an adhesion layer continuously. 
The metallic material formed in opening consists of a tungsten. In the example 1, the efficient 
consumer response plasma process equipment which can take the long mean free path of 
material gas and which is shown in drawino 2 was used. Moreover, TiCI4 / BCI3/H2 were used 
as material gas for forming a TiBX layer. 

[0021] First, the outline of the efficient consumer response plasma process equipment shown 
in drawing 2 is explained. Plasma process equipment 1 consists of the membrane formation 
chamber 10 and the plasma chamber 20. The susceptor 12 for laying the semiconductor 
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substrate 100 in the membrane formation chamber 10 is arranged. The lamp heating means 
50 is arranged under the susceptor 12. The semiconductor substrate 100 can be heated by the 
lamp heating means 50. 

[0022] The plasma chamber 20 is open for free passage with the upper part of the membrane 
formation chamber 10. The microwave introduction aperture 22 is formed in the upper part of 
the plasma chamber 20, and the recreation TANGYURA wave guide 26 for introducing 2.45MHz 
microwave is formed in the upper part of the microwave introduction aperture 22. The 
magnetic coil 24 is arranged around the plasma chamber 20. RF power is added to the 
microwave introduction aperture 22 from the RF power supply 28. Argon gas is supplied to the 
plasma chamber 20 from the argon gas inlet 30. argon gas is introduced in order to clean the 
microwave introduction aperture 22 (1989 Toshiharu's collection of the Japan Society of 
Applied Physics drafts refer to 721-page Akabori 3P-2 F-1 about this technology) 
[0023] From the 1st material gas feed zone, it lets a mass-flow controller and the 1st gas 
induction 40 pass in the membrane formation chamber 10, and the 1st material gas which 
consists of Ti system compound is supplied to it. Moreover, various kinds of 2nd material gas 
Is similarly supplied to the membrane formation chamber 10 through a mass-flow controller 
and the 2nd gas induction 42. The gas in the membrane formation chamber 10 is exhausted 
out of a system from the flueing section 16. In addition, 32 are a plasma style among drawing 
2 . I^oreover, 100 is a semiconductor substrate which has the structure shown in drawing 1 . 
It acts as the monitor of the temperature of the semiconductor substrate 100 with a 
thermocouple (not shown), the supply voltage to a lamp 52 is controlled by the well-known 
temperature-control means (not shown), and the temperature of the semiconductor substrate 
100 is kept constant. 

[0024] The efficient consumer response plasma process equipment shown in drawing 2 is used 
hereafter, and the process which forms a contact hole by blanket tungsten CVD is explained 
with reference to drawing 1 . 

[0025] On the impurity diffusion field 102 of the substrates 100, such as a [process -100] 
silicon substrate, the layer insulation layer 104 which consists of Si02 is formed by CVD, the 
photolithography method and the dry etching method are used for this layer insulation layer 
104, and opening 106 Is formed (refer to (A) of drawing 1 ). Various kinds of usual methods 
can be suitably used for this process. 

[0026] Ti layer is formed using [a process -110], next efficient consumer response-CVD 
system 1 shown in drawing 2 . TiCI4 was used as the 1st material gas, and H2 was used as 
the 2nd material gas. First, the 2nd gas induction 42 to H2 gas is supplied for TiCI4 gas to the 
membrane formation chamber 10 from the 1st gas induction 40, and the Ti layer 108 with a 
thickness of 30nm is formed on the upper surface of the layer insulation layer 104, and in 
opening 106. The membrane formation conditions of the Ti layer 108 were carried out as 
follows. 

Gas TiCI4/Ar/H2=10/40/50sccm temperature About 400 degreeC pressure 0.13Pa microwave 
2.8kW semiconductor substrate 100 is heated by about 400 degreeC by the lamp heating 
means 50. In addition, TiCI3 can also be used instead of TiCI4. 

[0027] The [process -120], then the adhesion layer which consists of TiBX were formed. TiCI4 
was used as the 1st material gas, and BCI3 and H2 gas were used as the 2nd material gas. 
The adhesion layer 110 which passes the 2nd gas induction 42 to BCI3 and H2 gas, and 
consists the 1st gas induction 40 to TiCI4 gas of TiBX with a thickness of 50nm is formed on 
the Ti layer 108. The membrane formation conditions of the adhesion layer 110 which consists 
of TiBX were carried out as follows, temperature About 650 degreeC microwave 2.8kW 
pressure 0.13PaRF bias 300W gas TiCI4/BCI3/H2/Ar= 10/30/30/-- in addition, the ratio of a 
quantity of gas flow can be set up suitably 50 seem In addition, TiCI3 can also be used instead 
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of TiCI4. Moreover, BBr3 and B-2 H6 can also be used instead of BCI3. The semiconductor 
substrate 100 is heated to about 650 degreeC by the lannp heating means 50. Moreover, since 
RF bias is Impressed, the coverage of TiBX improves. It becomes a much more precise film and 
barrier property Improves. Since the adhesion layer 110 which consists of TiBX is formed in 
low voltage, It is thickly formed also In the pars basilaris ossis occipitalis of opening 106, and 
the structure shown In (B) of drawing 1 is acquired. Moreover, CI Is also exhausted from 
efficient consumer response-CVD system 1 with the gestalt of the volatile high compound HCI, 
and its CI content of Tl layer and an adhesion layer decreases, and membraneous quality's 
improves. Moreover, since these layers are not broken but a vacuum Is formed continuously, 
membraneous quality is also stabilized and a throughput also improves. 
[0028] [A process -130], next the metal layer which consists of a tungsten in blanket tungsten 
CVD are formed on the adhesion layer 110 which consists of TiBX. Formation conditions were 
made into the following two stages. 
The 1st phase (nuclear-growth stage) 

WF6/SiH4=25 / lOsccm pressure 1.06xl04Pa temperature The 475 degreeC 2nd phase (high- 
speed growth step) 

WF6/H2=60 / 360sccm pressure 1.06xl04Pa temperature 475degreeC -- the metal layer 112 
which consists with coverage sufficient on the adhesion layer 110 in opening 106 of a tungsten 
by this was formed In this way, the structure shown In (C) of drawing 1 was acquired. Under 
the present circumstances, a void did not occur in the metal layer which an overhang does not 
arise In Tl / adhesion layer, and consists of the tungsten In opening 106 since coverage Is also 
good. Moreover, In opening 106, this Ti / adhesion layer functioned as a film which has good 
barrier property. Moreover, it has been improved rather than formation of the conventional 
TIN layer or a TiON layer also In reduction of particle generating, or the field of control of 
composition. Subsequently, etchback of the metal layer which consists of the tungsten on the 
upper surface of the layer insulation layer 104 is carried out alternatively, and the metal plug 
by which the metal layer was formed In opening 106 Is completed. 

[0029] (Example 2) The outline of the efficient consumer response plasma process equipment 
200 used for drawing 3 in the example 2 is shown. In addition, in drawing 3 and drawing 2 , 
the same reference number shows the same element. 

[0030] The efficient consumer response plasma process equipment 200 shown in drawing 3 
consists of the 2nd membrane formation chamber 220 for forming the adhesion layer (it 
setting in the example 2 and being a TiBX layer) which consists of the 1st membrane 
formation chamber 210 and Tl system compound for forming Ti layer. The 1st material gas is 
supplied to the 1st membrane formation chamber 210 through a mass-flow controller and the 
1st gas induction 40 from a material gas feed zone. Moreover, the 2nd material gas Is similarly 
supplied to the membrane formation chamber 210 through a mass-flow controller and the 2nd 
gas induction 42. The 1st material gas is supplied to the 2nd membrane formation chamber 
220 through a mass-flow controller and 1st gas Induction 40A from a material gas feed zone, 
and the 2nd material gas is similarly supplied to It through a mass-flow controller and 2nd gas 
induction 42A. The 1st membrane formation chamber 210 and the 2nd membrane formation 
chamber 220 are connected through the gate valve 230. Moreover, the lamp heating meanses 
50 and 50A are formed in the bottom of the susceptors 12 and 12A In each membrane 
formation chamber 210,220. 

[0031] The plasma process equipment 200 shown in drawing 3 is used, and the process which 
forms a contact hole by blanket tungsten CVD is explained with reference to drawing 1 . In 
addition, Ti layer was first formed between the semiconductor substrate and the metal layer 
which consists of a tungsten, and the adhesion layer which consists of TiBX was formed 
continuously. The metallic material formed in opening consists of a tungsten. 
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[0032] [Process -200] The semiconductor device of the structure shown in (A) of drawing 1 
was first formed by the same method as an example 1. 

[0033] [Process -210] The Ti layer 108 of 30nm thickness is first formed on the same 
conditions as an example 1 within the membrane formation chamber 210 in the efficient 
consumer response-CVD system which has two membrane formation chambers shown in 
drawing 3 as well as the degree and in which bias impression is possible. That is, the 
formation conditions of the Ti layer 108 were carried out as follows. TiCI4 was used as the 1st 
material gas, and H2 was used as the 2nd material gas. 

Gas TiCI4/Ar/H2=10/40/50sccm temperature About 400 degreeC pressure 0.13Pa microwave 
In addition, 2.8kW of semiconductor substrates 100 is heated to about 400 degreeC by the 
lamp heating means 50. In addition, TiCI3 can also be used Instead of TiCI4. 
[0034] The [process -220], then the adhesion layer which consists of TiBX were formed. TiCI4 
was used as the 1st material gas, and BCI3 and H2 gas were used as the 2nd material gas. 
That is, after formation of Ti layer, through a gate valve 230, the semiconductor substrate 100 
is carried in to the 2nd membrane formation chamber 220, and the adhesion layer 110 which 
passes BCI3 and H2 gas from the 2nd gas inlet 42A, and consists the 1st gas inlet 40A to TiCI4 
of TiBX is formed by the conveyance means (not shown to drawing 3 ). The concrete 
formation conditions of the adhesion layer which consists of TiBX were carried out as follows. 
In addition, the semiconductor substrate 100 is heated to about 650 degreeC by lamp heating 
means 50A. 

temperature About 650 degreeC microwave 2.8kW pressure 0.13PaRF bias 300W gas 
TiCI4/BCI3/H2/Ar= 10/30/30/- in addition, the ratio of a quantity of gas flow can be set up 
suitably 50 seem In addition, TiCI3 can also be used instead of TiCI4. Moreover, BBr3 and B-2 
H6 can also be used instead of BCI3. Since RF bias is impressed, the coverage of TiBX 
improves, it becomes a much more precise film and barrier property improves. Since the 
adhesion layer 110 which consists of TiBX is formed in low voltage, it is thickly formed also in 
the pars basilaris ossis occipitalis of opening 106, and the structure shown in (B) of drawing 1 
is acquired. Moreover, CI is also exhausted from efficient consumer response-CVD system 200 
with the gestalt of the volatile high compound HCI, and its CI content of Ti layer and an 
adhesion layer decreases, and membraneous quality's improves. Moreover, since these layers 
are not broken but a vacuum is formed continuously, membraneous quality is also stabilized 
and a throughput also improves. 

[0035] [A process -230], next the metal layer which consists of a tungsten in blanket tungsten 
CVD are formed on the adhesion layer 110. Formation conditions were carried out as follows. 
WF6/H2=60 / 360sccm pressure 1.06xl04Pa temperature 475degreeC or the metal layer 
which consists of a tungsten in two stages like an example 1 again can also be formed. 
The 1st phase (nuclear-growth stage) 

WF6/SiH4=25 / lOsccm pressure 1.06xl04Pa temperature The 475 degreeC 2nd phase (high- 
speed growth step) 

WF6/H2=60 / 360sccm pressure 1.06xl04Pa temperature 475degreeC - the metal layer 112 
which consists with coverage sufficient on the adhesion layer 110 in opening 106 of a tungsten 
by this was formed In this way, the structure shown in (C) of drawing 1 was acquired. Under 
the present circumstances, by an overhang not arising in Ti / adhesion layer, since coverage 
was also good, a void did not occur in the metal layer in opening 106. Moreover, in opening 
106, this Ti / adhesion layer functioned as a film which has good barrier property. Moreover, it 
has been improved rather than formation of the conventional TIN layer or a TiON layer also in 
reduction of particle generating, or the field of control of composition. Subsequently, etchback 
of the metal layer which consists of the tungsten on the upper surface of the layer insulation 
layer 104 is carried out alternatively, and the metal plug by which the metal layer was formed 
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in opening 106 is completed. 

[0036] (Example 3) An example 3 is an example which applied the adhesion layer of this 
invention, and the metal plug formation method when a contact hole was formed by blanket 
tungsten CVb, forms Tl layer first between a semiconductor substrate and the metal layer 
which consists of a tungsten, and, subsequently forms TICX in it as an adhesion layer 
continuously. The metallic material formed in opening consists of a tungsten. In the example 
3, the efficient consumer response plasma process equipment shown in drawing 2 was used. 
Moreover, TiCI4 / CH4/H2 were used as material gas for forming a TiCX layer. 
[0037] [Process -300] The semiconductor device of the structure shown in (A) of drawing 1 
was first formed by the same method as an example 1. 

[0038] Ti layer is formed using [a process -310], next efficient consumer response-CVD 
system 1 shown in drawing 2 . TiCI4 was used as the 1st material gas, and H2 was used as 
the 2nd material gas. The formation conditions of the Ti layer 108 are the same as an example 
1, and the detailed explanation is omitted. 

[0039] The [process -320], then the adhesion layer which consists of TiCX were formed. TiCI4 
was used as the 1st material gas, and CH4 and H2 gas was used as the 2nd material gas. The 
adhesion layer 110 which passes the 2nd gas induction 42 to CI-14 and H2 gas, and consists 
the 1st gas induction 40 to TiCI4 gas of TiCX with a thickness of 50nm is formed on the Ti 
layer 108. The membrane formation conditions of the adhesion layer 110 which consists of 
TiCX were carried out as follows. 

temperature About 650 degreeC microwave 2.8kW pressure 0.13PaRF bias 300W gas 
TiCI4/CH4/H2/Ar= 10/30/30/— in addition, the ratio of a quantity of gas flow can be set up 
suitably 50 seem In addition, TiCI3 can also be used instead of TiCI4. Moreover, CCI4, C2H6, 
and CO can also be used instead of CH4. The semiconductor substrate 100 is heated to about 
650 degreeC by the lamp heating means 50. Moreover, since RF bias is impressed, the 
coverage of TiCX improves, it becomes a much more precise film and barrier property 
improves. Since the adhesion layer 110 which consists of TiCX is formed in low voltage, it is 
thickly formed also In the pars basilaris ossis occipitalis of opening 106, and the structure 
shown in (B) of drawing 1 is acquired. Moreover, CI is also exhausted from efficient consumer 
response-CVD system 1 with the gestalt of the volatile high compound HCI, and its CI content 
of Ti layer and an adhesion layer decreases, and membraneous quality's improves. Moreover, 
since these layers are not broken but a vacuum is formed continuously, membraneous quality 
is also stabilized and a throughput also improves. 

[0040] [A process -330], next the metal layer which consists of a tungsten in blanket tungsten 
CVD are formed on the adhesion layer 110 which consists of TiCX. Formation conditions are 
the same as an example 1, and the detailed explanation is omitted. The metal layer 112 which 
consists with coverage sufficient on the adhesion layer 110 in opening 106 of a tungsten by 
this was formed. In this way, the structure shown in (C) of drawing 1 was acquired. Under the 
present circumstances, by an overhang not arising in Ti / adhesion layer, since coverage was 
also good, a void did not occur in the metal layer in opening 106. Moreover, in opening 106, 
this Ti / adhesion layer functioned as a film which has good barrier property. Moreover, it has 
been improved rather than formation of the conventional TIN layer or a TiON layer also in 
reduction of particle generating, or the field of control of composition. Subsequently, etchback 
of the metal layer which consists of the tungsten on the upper surface of the layer insulation 
layer 104 is carried out alternatively, and the metal plug by which the metal layer was formed 
in opening 106 is completed. 

[0041] (Example 4) The plasma process equipment 200 shown in drawing 3 is used, and the 
process which forms a contact hole by blanket tungsten CVD is explained with reference to 
drawing 1 . In addition, Ti layer was first formed between the semiconductor substrate and the 
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metal layer which consists of a tungsten, and the adhesion layer which consists of TiCX was 
formed continuously. The metallic material formed in opening consists of a tungsten. 
[0042] [Process -400] The semiconductor device of the structure shown in (A) of drawino 1 
was first formed by the same method as an example 1. 

[0043] [Process -410] The Ti layer 108 of 30nm thickness was first formed within the 
membrane formation chamber 210 in the efficient consumer response-CVD system which has 
two membrane formation chambers shown in drawing 3 as well as the degree and in which 
bias impression is possible. Formation conditions are the same conditions as an example 2, 
and the detailed explanation is omitted. 

[0044] The [process -420], then the adhesion layer which consists of TiCX were formed. TiCI4 
was used as the 1st material gas, and CH4 and H2 gas was used as the 2nd material gas. That 
is, after formation of Ti layer, through a gate valve 230, the semiconductor substrate 100 is 
carried in to the 2nd membrane formation chamber 220, and the adhesion layer 110 which 
passes CH4 and H2 gas from the 2nd gas inlet 42A, and consists the 1st gas inlet 40A to TiCI4 
of TiCX is formed by the conveyance means (not shown to drawing 3 ). The concrete 
formation conditions of the adhesion layer which consists of TiCX are the same as the 
formation conditions of TiCX in an example 3, and the detailed explanation is omitted. The 
structure shown in (B) of drawing 1 was acquired by this. 

[0045] [A process -430], next the metal layer which consists of a tungsten in blanket tungsten 
CVD are formed on the adhesion layer 110. Formation conditions are the same conditions as 
an example 2, and the detailed explanation is omitted. The structure shown in (C) of drawing 
1 was acquired in this way by this. Subsequently, etchback of the metal layer on the upper 
surface of the layer insulation layer 104 is carried out alternatively, and the metal plug by 
which the metal layer was formed in opening 106 is completed. 

[0046] (Example 5) An example 5 is an example which applied the adhesion layer of this 
invention, and the metal plug formation method when a contact hole was formed by blanket 
tungsten CVD, forms Ti layer first between a semiconductor substrate and the metal layer 
which consists of a tungsten, and, subsequently forms TiBXNl-X in it as an adhesion layer 
continuously. The metallic material formed in opening consists of a tungsten. In the example 
5, the efficient consumer response plasma process equipment shown in drawing 2 was used. 
Moreover, TiCI4/BCI3/NH3 was used as material gas for forming TiBXNl-X zone. 
[0047] [Process -500] The semiconductor device of the structure shown in (A) of drawing 1 
was first formed by the same method as an example 1. 

[0048] Ti layer is formed using [a process -510], next efficient consumer response-CVD 
system 1 shown in drawing 2 . TiCI4 was used as the 1st material gas, and H2 was used as 
the 2nd material gas. The formation conditions of the TI layer 108 are the same as an example 
1, and the detailed explanation is omitted. 

[0049] The [process -520], then the adhesion layer which consists of TiBXNl-X were formed. 
TiCI4 was used as the 1st material gas, and BCI3 and NH3 gas was used as the 2nd material 
gas. The adhesion layer 110 which passes the 2nd gas induction 42 to BCI3 and NH3 gas, and 
consists the 1st gas induction 40 to TiCI4 gas of TiBXNl-X with a thickness of 50nm is formed 
on the Ti layer 108. The membrane formation conditions of the adhesion layer 110 which 
consists of TiBXNl-X were carried out as follows. 

temperature About 650 degreeC microwave 2.8kW pressure 0.13PaRF bias 300W gas 
TiCI4/BCI3/NH3/Ar=10/30/30/" in addition, the ratio of a quantity of gas flow can be set up 
suitably 50 seem In addition, TiCI3 can also be used instead of TiCI4. Moreover, BBr2 and B-2 
H6 can also be used instead of BCI3. Furthermore, N2, H2, or N20 can also be used instead of 
NH3. The semiconductor substrate 100 is heated to about 650 degreeC by the lamp heating 
means 50. Moreover, since RF bias is Impressed, the coverage of TiBXNl-X improves, it 
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becomes a much more precise film and barrier property improves. Since tfie adhesion layer 
110 which consists of TiBXNl-X is formed in low voltage, it is thickly formed also in the pars 
basilaris ossis occipitalis of opening 106, and the structure shown in (B) of drawing 1 is 
acquired. Moreover, CI is also exhausted from efficient consumer response-CVD system 1 with 
the gestalt of the volatile high compound HCI, and its CI content of Ti layer and an adhesion 
layer decreases, and membraneous quality's improves. Moreover, since these layers are not 
broken but a vacuum is formed continuously, membraneous quality is also stabilized and a 
throughput also improves. 

[0050] [A process -530], next the metal layer which consists of a tungsten in blanket tungsten 
CVD are formed on the adhesion layer 110 which consists of TiBXNl-X. Formation conditions 
are the same as an example 1, and the detailed explanation is omitted. The metal layer 112 
which consists with coverage sufficient on the adhesion layer 110 in opening 106 of a tungsten 
by this was formed. In this way, the structure shown in (C) of drawing 1 was acquired. Under 
the present circumstances, by an overhang not arising in Ti / adhesion layer, since coverage 
was also good, a void did not occur in the metal layer in opening 106. Moreover, in opening 
106, this Ti / adhesion layer functioned as a film which has good barrier property. Moreover, it 
has been improved rather than formation of the conventional TIN layer or a TiON layer also in 
reduction of particle generating, or the field of control of composition. Subsequently, etchback 
of the metal layer which consists of the tungsten on the upper surface of the layer insulation 
layer 104 is carried out alternatively, and the metal plug by which the metal layer was formed 
in opening 106 is completed. 

[0051] (Example 6) The plasma process equipment 200 shown in drawing 3 is used, and the 
process which forms a contact hole by blanket tungsten CVD is explained with reference to 
drawing 1 . In addition, Ti layer was first formed between the semiconductor substrate and the 
metal layer which consists of a tungsten, and the adhesion layer which consists of TiBXNl-X 
was formed continuously. The metallic material formed in opening consists of a tungsten. 
[0052] [Process -600] The semiconductor device of the structure shown in (A) of drawing 1 
was first formed by the same method as an example 1. 

[0053] [Process -610] The Ti layer 108 of 30nm thickness was first formed within the 
membrane formation chamber 210 in the efficient consumer response-CVD system which has 
two membrane formation chambers shown in drawing 3 as well as the degree and in which 
bias impression is possible. Formation conditions are the same conditions as an example 2, 
and the detailed explanation is omitted. 

[0054] The [process -620], then the adhesion layer which consists of TiBXNl-X were formed. 
TiCI4 was used as the 1st material gas, and BCI3 and NH3 gas was used as the 2nd material 
gas. That is, after formation of Ti layer, through a gate valve 230, the semiconductor 
substrate 100 is carried in to the 2nd membrane formation chamber 220, and the adhesion 
layer 110 which passes BCI3 and NH3 gas from the 2nd gas inlet 42A, and consists the 1st gas 
inlet 40A to TiCI4 of TiBXNl-X is formed by the conveyance means (not shown to drawing 3 ). 
The concrete formation conditions of the adhesion layer which consists of TiBXNl-X are the 
same as the formation conditions of TiBXNl-X in an example 5, and the detailed explanation is 
omitted. The structure shown in (B) of drawing 1 is acquired by this. 
[0055] [A process -630], next the metal layer 112 which consists of a tungsten in blanket 
tungsten CVD are formed on the adhesion layer 110. Formation conditions are the same 
conditions as an example 2, and the detailed explanation is omitted. The structure shown in 
(C) of drawing 1 was acquired in this way by this. Subsequently, etchback of the metal layer 
on the upper surface of the layer insulation layer 104 is carried out alternatively, and the 
metal plug by which the metal layer was formed in opening 106 is completed. 
[0056] (Example 7) An example 7 is an example which applied the adhesion layer of this 
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invention, and the metal plug formation method when a contact hole was formed by blanket 
tungsten CVD, forms Ti layer first between a semiconductor substrate and the metal layer 
which consists of a tungsten, and, subsequently forms TiCXNl-X in it as an adhesion layer 
continuously. The metallic material formed in opening consists of a tungsten. In the example 
7, the efficient consumer response plasma process equipment shown in drawing 2 was used. 
Moreover, TiCI4/CH3 CN/N2 was used as material gas for forming 1-X layer of TiCXISI(s). 
[0057] [Process -700] The semiconductor device of the structure shown in (A) of drawing 1 
was first formed by the same method as an example 1. 

[0058] Ti layer is formed using [a process -710], next efficient consumer response-CVD 
system 1 shown in drawino 2 . TiCI4 was used as the 1st material gas, and H2 was used as 
the 2nd material gas. The formation conditions of the Ti layer 108 are the same as an example 
1, and the detailed explanation is omitted. 

[0059] The [process -720], then the adhesion layer which consists of TiCXNI-X were formed. 
TiCI4 was used as the 1st material gas, and CH3CN and N2 gas was used as the 2nd material 
gas. The adhesion layer 110 which passes the 2nd gas induction 42 to CH3CN and N2 gas, and 
consists the 1st gas induction 40 to TiCI4 gas of TiCXNI-X with a thickness of 50nm is formed 
on the Ti layer 108. The membrane formation conditions of the adhesion layer 110 which 
consists of TiCXNI-X were carried out as follows. 

temperature About 650 degreeC microwave 2.8kW pressure O.lBPaRF bias 300W gas 
TiCI4/CH3CN/N2/Ar= 10/30/30/-- in addition, the ratio of a quantity of gas flow can be set up 
suitably 50 seem In addition, TiCI3 can also be used instead of TiCI4. Moreover, N2, H2, or 
N20 can also be used Instead of NH3. The semiconductor substrate 100 is heated to about 
650 degreeC by the lamp heating means 50. Moreover, since RF bias is impressed, the 
coverage of TiCXNI-X improves, it becomes a much more precise film and barrier property 
improves. Since the adhesion layer 110 which consists of TiCXNI-X is formed in low voltage, it 
is thickly formed also in the pars basilaris ossis occipitalis of opening 106, and the structure 
shown in (B) of drawing 1 is acquired. Moreover, CI is also exhausted from efficient consumer 
response-CVD system 1 with the gestalt of the volatile high compound HCI, and its CI content 
of Ti layer and an adhesion layer decreases, and membraneous quality's improves. Moreover, 
since these layers are not broken but a vacuum is formed continuously, membraneous quality 
is also stabilized and a throughput also improves. 

[0060] [A process -730], next the metal layer which consists of a tungsten in blanket tungsten 
CVD are formed on the adhesion layer 110 which consists of TiCXNI-X. Formation conditions 
are the same as an example 1, and the detailed explanation is omitted. The metal layer 112 
which consists with coverage sufficient on the adhesion layer 110 in opening 106 of a tungsten 
by this was formed. In this way, the structure shown in (C) of drawing 1 was acquired. Under 
the present circumstances, by an overhang not arising in Ti / adhesion layer, since coverage 
was also good, a void did not occur in the metal layer in opening 106. Moreover, in opening 
106, this Ti / adhesion layer functioned as a film which has good barrier property. Moreover, It 
has been improved rather than formation of the conventional TIN layer or a TiON layer also in 
reduction of particle generating, or the field of control of composition. Subsequently, etchback 
of the metal layer on the upper surface of the layer insulation layer 104 is carried out 
alternatively, and the metal plug by which the metal layer was formed in opening 106 is 
completed. 

[0061] (Example 8) The plasma process equipment 200 shown in drawing 3 is used, and the 
process which forms a contact hole by blanket tungsten CVD is explained with reference to 
drawing 1 . In addition, Ti layer was first formed between the semiconductor substrate and the 
metal layer which consists of a tungsten, and the adhesion layer which consists of TiCXNI-X 
</SUB> was formed continuously. The metallic material formed in opening consists of a 
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tungsten. 

[0062] [Process -800] The semiconductor device of the structure shown in (A) of drawing 1 
was first formed by the same method as an example 1. 

[0063] [Process -810] The Ti layer 108 of 30nm thickness was first formed within the 
membrane formation chamber 210 in the efficient consumer response-CVD system which has 
two membrane formation chambers shown in drawing 3 as well as the degree and in which 
bias impression is possible. Formation conditions are the same conditions as an example 2, 
and the detailed explanation is omitted. 

[0064] The [process -820], then the adhesion layer which consists of TiCXNl-X were formed. 
TiCI4 was used as the 1st material gas, and CH3CN and N2 gas was used as the 2nd material 
gas. That is, after formation of Ti layer, through a gate valve 230, the semiconductor 
substrate 100 is carried in to the 2nd membrane formation chamber 220, and the adhesion 
layer 110 which passes CH3CN and N2 gas from the 2nd gas inlet 42A, and consists the 1st 
gas inlet 40A to TiCI4 of TiCXNI-X is formed by the conveyance means (not shown to drawing 
3 ). The concrete formation conditions of the adhesion layer which consists of TiCXNI-X are 
the same as the formation conditions of TiCXNI-X in an example 7, and the detailed 
explanation is omitted. The structure shown in (B) of drawing 1 is acquired by this. 
[0065] [A process -830], next the metal layer which consists of a tungsten in blanket tungsten 
CVD are formed on the adhesion layer 110. Formation conditions are the same conditions as 
an example 2, and the detailed explanation is omitted. The structure shown in (C) of drawing 
1 was acquired in this way by this. Subsequently, etchback of the metal layer on the upper 
surface of the layer insulation layer 104 is carried out alternatively, and the metal plug by 
which the metal layer was formed in opening 106 is completed. 

[0066] As mentioned above, although the formation method of the adhesion layer of this 
invention and a metal plug was explained based on the example, this invention is not limited 
to these examples. Instead of the blanket CVD which used the tungsten, this invention is 
applicable to the blanket CVD which used various silicide [, such as W, Mo, Ti, nickel Co, 
etc., ], such as Mo, Ti, nickel, Co, aluminum, and Cu. Moreover, aluminum can be used and a 
metal plug can also be formed by selection CVD. 

[0067] Furthermore, it is also possible to form a metal plug in an elevated-temperature 
spatter using the so-called aluminum or the so-called aluminium alloy instead of blanket CVD. 
In this elevated -temperature spatter, since the semiconductor substrate is heated by the 
elevated temperature, the wiring material deposited in opening is also heated more than about 
400 degreeC below at the melting point. Consequently, the softened wiring material becomes 
possible [ being in a flow state and flowing the inside of opening ]. That is, after forming Ti 
layer / adhesion layer, the aluminium alloy which consists of aluminum-l%Si by other 
chambers continuously, without breaking a vacuum can be formed according to the elevated- 
temperature spatter of the following conditions. 

Membrane formation power DC lOkW spatter pressure 0.4Pa substrate heating temperature 
500 degreeC process gas Ar:100sccm membrane formation speed A part for 0.3-0.9- 
micrometer/[0068] A layer insulation layer can be constituted not only from Si02 but from 
PSG, BSC, BPSG, AsSG, PbSG, SbSG, a silicon nitride, SiON, SOG, SiON, etc., and can be 
formed by the conventional CVD, Moreover, formation of opening can usually be formed by 
the photolithography method and the reactive-ion-etching method. 

[0069] Moreover, although this invention was explained based on the example which forms a 
contact hole in an impurity diffusion field, the metal plug formation method of this invention 
can apply the lower layer wiring layer and the upper wiring layer which were formed of the 
wiring material also to the so-called formation of the beer hall for connecting electrically, or 
formation of a through hole. 
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[0070] 

[Effect of the Invention] Suppressing generating of particle for the adhesion layer which was 
described above and which consists of Ti system compound with high barrier property like 
according to the adhesion layer of this invention, and the metal plug formation method, 
stability is carried out, and it can form and is easy to perform control of composition. 
Furthermore, at the time of formation of an adhesion layer, addition of oxygen becomes 
unnecessary and it becomes easy to control [ of material gas ] it. And change of sheet 
resistance of the semiconductor substrate which poses a problem is not produced at the time 
of formation of a TiON layer, either. Therefore, a semiconductor device can be manufactured 
in a reliable process. Moreover, if Ti layer and the adhesion layer which consists of Ti system 
compound are formed continuously, for example, a semiconductor substrate will not be made 
to expose to the atmosphere, membraneous qualities, such as an adhesion layer, will improve, 
and a throughput will also improve. Therefore, a reliable electron device can be manufactured 
with sufficient productivity. 



[Translation done.] 
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